to T in the PH (Pleckstrin homology) region. This point mutation causes the replacement of arginine (Arg) by cysteine (Cys) at amino acid position 28 [5, 9] .
New immunodeficiency models of nude xid mice have been established to study the xenograft and the combined effect of immunodeficient genes [2, 9, 10] . Genotyping of the Btk xid gene is helpful for the efficient selection of breeding parents to produce congenic mice or mice with multiple immunodeficient genes. Previously a PCR-RFLP method using the restriction endonuclease HhaI was developed to diagnose the normal Btk allele [8] . The normal Btk allele has the HhaI restriction site in the amplified region, but not the mutant allele. In this method, however, the normal alleles can be misidentified as those of the mutant Btk, if the HhaI digestion fails. Since no restriction site useful for [6] . These mice have reduced serum IgM and IgG3 levels. They also fail to exhibit antibody responses to thymus-independent type 2 antigens such as Ficoll and dextran, although they respond to thymus-independent type 1 antigens such as lipopolysaccharide (LPS) [6] . The mutant Btk xid allele in the Btk cDNA clone of mutant mice carries a point mutation showing a single base pair substitution of C PCR products of Btk xid allele have two HpyCH4 V sites, one derived from the genomic sequence common to both alleles and the other an artificial site introduced to the Btk xid allele by the modified primer. The mutated Btk xid allele is easily distinguished from the normal Btk allele by the digestion patterns of the PCR products with the same restriction enzyme HpyCH4 V, decreasing the potential for error in identification due to the failure of digestion by the enzyme. This strategy will permit a more precise and stable typing of the mutated Btk gene, especially in mice bearing combined immunodeficient genes.
For ) from CBA/N, BALB/c Cr and F1 hybrid mice obtained from a cross between female CBA/N mice and male BALB/c Cr mice. Genomic DNA was isolated from the tails of these mice, and amplified using a Gene Amp PCR System 9700 (Applied Biosystems). New primers were designed based on the nucleotide sequence of mouse Btk xid cDNA [4] and were synthesized by BEX CO., LTD. Japan. The reverse primer for the artificial restriction site has a one-base mismatch near the 3' end. Amplification with these primers made it possible to introduce an artificial HpyCH4 V site into the mutant allele (Fig. 1) . The PCR amplification be- RFLP analysis to specifically identify the Btk xid allele exists, we developed a new PCR-RFLP method in which we introduced an artificial HpyCH4 V restriction site surrounding the Btk xid mutation by PCR amplification with modified primers [1, 3] . In this new method, the gan with initial incubation at 94°C for 5 min, followed by 40 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 30 s, and extension at 72°C for 30 s, with a final extension at 72°C for 7 min. The PCR products were digested with the restriction endonuclease HpyCH4 V at 37°C for 2 h according to the instructions supplied by the manufacturer. The digested PCR fragments were electrophoresed in 4% agarose gels (Nusieve 3:1 agarose, Bio Whittaker Molecular Application, Inc.) and 0.5 × TBE buffer containing ethidium bromide.
Three electrophoretic patterns were obtained. They detected the genotypes of the Btk locus and have a common fragment demonstrating the success of the PCR reaction (Fig. 2) . Two sizes of fragments were produced by the normal Btk allele (Btk + /Btk + , Btk + /Btk null ) and three sizes of fragments were obtained from the mutant Btk xid allele (Btk xid /Btk xid , Btk xid /Btk null ). The Btk xid /Btk + heterozygous females carrying both alleles generated four sizes of fragments. These results are explained at follows. Before digestion with HpyCH4 V, the size of the PCR products amplified from the genomic DNA was 138 base-pairs. However, there are two restriction sites for HpyCH4 V (tg/ca) in the sequence of the PCR products derived from the Btk xid allele. One is the original site derived from the genomic sequence and the other is the artificial site introduced by the modified primer. However, no artificial restriction site exists in the PCR products derived from the normal Btk allele. The common restriction site serves as a restriction control, which decreases the risk of misleading results caused by failure of the enzyme to digest. These results suggest that the new method will be useful for distinguishing the Btk xid and Btk alleles.
We also immunized F1 hybrid mice with trinitrophenyl (TNP) Ficoll and TNP-LPS, and their phenotype was determined by assay of serum IgM antibody to TNP (anti-TNP) by enzyme-linked immunosorbant assay (ELISA). These F1 female (Btk xid /Btk + ) mice produced anti-TNP IgM antibodies in response to both TNP-Ficoll and TNP-LPS. On the other hand, the F1 male (Btk xid / Btk null ) mice produced anti-TNP IgM antibodies in response to TNP-LPS, but not TNP-Ficoll (Table 1) . These results were in agreement with those of the genotyping described above.
It is generally not easy to evaluate Btk phenotypes in congenic mice or mice with multiple immunodeficient genes by their antibody responses. Thus, the PCR-RFLP analysis described here will allow us a more accurate and stable typing of the Btk gene in mice with combined immunodeficiencies. In addition, this PCR-RFLP method will be a useful tool for the analysis of random and non-random X inactivation during B-cell ontogeny in xid heterozygotes [7] . 
